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(57) ABSTRACT

A power conversion module includes a circuit carrier board, a
semiconductor module and an inductor module. The circuit
carrier board has plural bonding pads. The semiconductor
module is disposed on a first surface of the circuit carrier
board. The inductor module has plural pins. The pins are
extended from the inductor module along a first direction and
connected with corresponding bonding pads on the circuit
carrier board, so that a receptacle is defined between the
inductor module and the circuit carrier board for accommo-
dating the semiconductor module.

11 Claims, 6 Drawing Sheets
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1
POWER CONVERSION MODULE

FIELD OF THE INVENTION

The present invention relates to a power conversion mod-
ule, and more particularly to a small-sized power conversion
module.

BACKGROUND OF THE INVENTION

In electronic engineering technologies, a DC-to-DC con-
verter is a common power conversion module that converts a
DC voltage to another DC voltage. Recently, as the electronic
device is developed toward miniaturization, a three-dimen-
sional layout configuration of the DC-to-DC converter is
gradually adopted in order to effectively reduce the area of the
circuit carrier board.

FIGS. 1A and 1B are schematic exploded and side views
illustrating a conventional DC-to-DC converter, respectively.
In the DC-t0-DC converter, a printed circuit board is used as
acircuit carrier board 10. Many electronic components (e.g. a
semiconductor IC chip 11 and several passive components
12) are mounted on the circuit carrier board 10. In addition,
four post-like or ball-like structures 101 are formed on the
corners of the circuit carrier board 10. An inductor 13 is
soldered on the four post-like or ball-like structures 101. After
the inductor 13 is soldered and supported on the four post-like
or ball-like structures 101, a receptacle 19 is defined between
the inductor 13 and the circuit carrier board 10. The semicon-
ductor IC chip 11 and the passive components 12 are accom-
modated within the receptacle 19. As such, the three-dimen-
sional layout configuration of the DC-to-DC converter is
achieved.

Although the three-dimensional layout configuration may
reduce the area of the circuit carrier board, there are still some
drawbacks. For example, since an additional process is
required to form the four post-like or ball-like structures 101
on the circuit carrier board 10, the material cost and the
fabricating cost will be increased. Moreover, due to the induc-
tor 13, the electronic components on the circuit carrier board
10 are usually suffered from an electromagnetic interference
(EMI) problem. Under this circumstance, the performance
and operating efficiency of the DC-to-DC converter are usu-
ally unsatisfied.

SUMMARY OF THE INVENTION

In accordance with an aspect, the present invention pro-
vides a power conversion module. The power conversion
module includes a circuit carrier board, a semiconductor
module and an inductor module. The circuit carrier board has
plural bonding pads. The semiconductor module is disposed
on a first surface of the circuit carrier board. The inductor
module has plural pins. The pins are extended from the induc-
tor module along a first direction and connected with corre-
sponding bonding pads on the circuit carrier board, so that a
receptacle is defined between the inductor module and the
circuit carrier board for accommodating the semiconductor
module.

In accordance with another aspect, the present invention
provides a power conversion module. The power conversion
module includes a circuit carrier board, a semiconductor
module and an inductor module. The circuit carrier board has
plural perforations. A first surface and a second surface of the
circuit carrier board are in communication with each other
through the perforations. The semiconductor module is dis-
posed on the first surface of the circuit carrier board. The
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inductor module has plural pins. The pins are extended from
the inductor module along a first direction, penetrated
through corresponding perforations and fixed on the circuit
carrier board, so that a receptacle is defined between the
inductor module and the circuit carrier board for accommo-
dating the semiconductor module.

In accordance with a further aspect, the present invention
provides a power conversion module. The power conversion
module includes a circuit carrier board, a semiconductor
module and an inductor module. The circuit carrier board has
a first surface and a second surface. The semiconductor mod-
ule is disposed on a first surface of the circuit carrier board.
The inductor module has plural L-shaped pins with respective
horizontal parts and respective vertical parts. The vertical
parts of the L-shaped pins are extended from the inductor
module along a first direction. The horizontal parts of the
L-shaped pins are soldered on the second surface of the circuit
carrier board, so that a receptacle is defined between the
inductor module and the circuit carrier board for accommo-
dating the semiconductor module.

In accordance with a further aspect, the present invention
provides a power conversion module. The power conversion
module includes a circuit carrier board, a semiconductor
module and an inductor module. The circuit carrier board has
plural pins extended along a first direction. The semiconduc-
tor module is disposed on a first surface of the circuit carrier
board. The inductor module having plural bonding pads. The
bonding pads and corresponding pins of the circuit carrier
board are electrically connected with each other, so that a
receptacle is defined between the inductor module and the
circuit carrier board for accommodating the semiconductor
module.

Other objectives, features and advantages of the present
invention will be further understood from the further techno-
logical features disclosed by the embodiments of the present
invention wherein there are shown and described preferred
embodiments of this invention, simply by way of illustration
of' modes best suited to carry out the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the various
embodiments disclosed herein will be better understood with
respect to the following description and drawings, in which
like numbers refer to like parts throughout, and in which:

FIGS. 1A and 1B are schematic exploded and side views
illustrating a conventional DC-to-DC converter, respectively;

FIG. 2 is a schematic side view illustrating a DC-to-DC
converter according to a first embodiment of the present
invention;

FIG. 3 is a schematic side view illustrating a DC-to-DC
converter according to a second embodiment of the present
invention;

FIG. 4 is a schematic side view illustrating a DC-to-DC
converter according to a third embodiment of the present
invention;

FIG. 5 is a schematic side view illustrating a DC-to-DC
converter according to a fourth embodiment of the present
invention;

FIG. 6 is a schematic side view illustrating a DC-t0-DC
converter according to a fifth embodiment of the present
invention;

FIG. 7 is a schematic side view illustrating a DC-to-DC
converter according to a sixth embodiment of the present
invention;
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FIG. 8 is a schematic side view illustrating a DC-to-DC
converter according to a seventh embodiment of the present
invention;

FIG. 9 is a schematic side view illustrating a DC-to-DC
converter according to an eighth embodiment of the present
invention;

FIG. 10 is a schematic side view illustrating a DC-to-DC
converter according to a ninth embodiment of the present
invention;

FIG. 11 is a schematic side view illustrating a DC-to-DC
converter according to a tenth embodiment of the present
invention;

FIG. 12 is a schematic side view illustrating a DC-to-DC
converter according to an eleventh embodiment ofthe present
invention;

FIG. 13 is a schematic side view illustrating a DC-to-DC
converter according to a twelfth embodiment of the present
invention;

FIGS. 14A and 14B are schematic side views illustrating a
DC-t0-DC converter according to a thirteenth embodiment of
the present invention; and

FIGS. 15A, 15B, 15C and 15D are schematic views illus-
trating four exemplary pins used in the DC-to-DC converter
of the thirteenth embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

It is to be understood that other embodiment may be uti-
lized and structural changes may be made without departing
from the scope of the present invention. Also, it is to be
understood that the phraseology and terminology used herein
are for the purpose of description and should not be regarded
as limiting. The use of “including,” “comprising,” or “having”
and variations thereof herein is meant to encompass the items
listed thereafter and equivalents thereof as well as additional
items. Unless limited otherwise, the terms ‘“connected,”
“coupled,” and “mounted,” and variations thereof herein are
used broadly and encompass direct and indirect connections,
couplings, and mountings.

For obviating the drawbacks encountered from the prior
art, the present invention provides a power conversion mod-
ule with low electromagnetic interference. In comparison
with the prior art, the process of fabricating power conversion
module of the present invention is time-saving and simplified.
The present invention will now be described more specifically
with reference to the following embodiments.

FIG. 2 is a schematic side view illustrating a DC-to-DC
converter according to a first embodiment of the present
invention. As shown in FIG. 2, the DC-to-DC converter com-
prises a circuit carrier board 20, a semiconductor module 21,
a passive component 22 and an inductor module 23. Plural
bonding pads 200 are formed on the circuit carrier board 20.
The semiconductor module 21 and the passive component 22
are mounted on a first surface 201 of the circuit carrier board
20. In addition, plural pins 231 are extended from the inductor
module 23 along a first direction 29. The pins 231 are elec-
trically connected with corresponding bonding pads 200 on
the circuit carrier board 20. In such way, a receptacle 28 is
defined between the inductor module 23 and the circuit car-
rier board 20 for accommodating the semiconductor module
21 and the passive component 22. Moreover, the plural pins
232 extended from the inductor module 23 along the first
direction 29 are simultaneously produced during the inductor
module 23 is fabricated; and the bonding pads 200 and bond-
ing pads for other electronic components are simultaneously
produced during the circuit carrier board 20 is fabricated.
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Since no additional procedures is required to produce the pins
232 and the bonding pads 200, the fabricating process of the
DC-t0-DC converter of the present invention is simplified
when compared with the prior art.

Please refer to FIG. 2 again. In this embodiment, the semi-
conductor module 21 comprises a semiconductor chip 211 in
a form of a bare die and a power transistor 212. The semicon-
ductor chip 211 and the power transistor 212 are electrically
connected with the circuit carrier board 20 in a wire bonding
manner. In addition, the semiconductor chip 211 and the
power transistor 212 are fixed on the first surface 201 of the
circuit carrier board 20 by a plastic molding process. More-
over, in this embodiment, the pins 231 are [-shaped pins.
Each of the L-shaped pins 231 has a horizontal part and a
vertical part. The vertical part is parallel with the first direc-
tion 29. The horizontal part of the L-shaped pin 231 is sol-
dered on a corresponding bonding pad 200.

FIG. 3 is a schematic side view illustrating a DC-to-DC
converter according to a second embodiment of the present
invention. The configurations of the circuit carrier board 20,
the passive component 22 and the inductor module 23
included in FIG. 3 are similar to those shown in FIG. 2, and
are not redundantly described herein. In this embodiment, the
semiconductor module 31 comprises a semiconductor chip
311 and a power transistor 312. The semiconductor chip 311
and the power transistor 312 are respectively packaged and
have respective terminals. According to a surface mount tech-
nology (SMT), the semiconductor chip 311 and the power
transistor 312 can be directly soldered on the first surface 201
of the circuit carrier board 20. An example of the circuit
carrier board 20 includes but is not limited to a printed circuit
board (PCB), a metal core printed circuit board (MCPCB), a
ceramic substrate or a direct bond copper (DBC) substrate.

FIG. 4 is a schematic side view illustrating a DC-to-DC
converter according to a third embodiment of the present
invention. In comparison with the first embodiment of FIG. 2,
a shielding layer 40 is formed on a surface of the inductor
module 23 facing the receptacle 28. The shielding layer 40 is
a metallic sheet made of electromagnetic shielding material
(e.g. copper or aluminum) for isolating or decreasing the
influence of the electromagnetic interference (EMI) from the
inductor module 23 on other circuits. Since the shielding
layer 40 may be simultaneously produced during the inductor
module 23 is fabricated, the assembling complexity is not
increased.

FIG. 5 is a schematic side view illustrating a DC-to-DC
converter according to a fourth embodiment of the present
invention. In comparison with the second embodiment of
FIG. 3, a shielding layer 50 is formed on a surface of the
inductor module 23 facing the receptacle 28. The shielding
layer 50 is a metallic sheet made of electromagnetic shielding
material (e.g. copper or aluminum) for isolating or decreasing
the electromagnetic interference (EMI) from other circuits.
Since the shielding layer 50 may be simultaneously produced
during the inductor module 23 is fabricated, the assembling
complexity is not increased.

FIG. 6 is a schematic side view illustrating a DC-t0-DC
converter according to a fifth embodiment of the present
invention. In comparison with the third embodiment of FIG.
4, the DC-1t0-DC converter of FIG. 6 further comprises a
thermally-conductive and shielding cover 60 for increasing
the heat dissipating efficacy and the EMI shielding efficacy.
The thermally-conductive and shielding cover 60 is disposed
over the inductor module 23 and attached on the circuit carrier
board 20 and the inductor module 23. The thermally-conduc-
tive and shielding cover 60 is made of electrically-conductive
material in order for isolating or decreasing the influence of
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the electromagnetic interference (EMI) from the external sur-
roundings on the inductor module 23 and other circuits of the
DC-t0-DC converter. Moreover, for enhancing the heat dis-
sipating efficacy, the thermally-conductive and shielding
cover 60 is adhered onto the inductor module 23 via a ther-
mally-conductive adhesive 61.

FIG. 7 is a schematic side view illustrating a DC-to-DC
converter according to a sixth embodiment of the present
invention. In comparison with the fourth embodiment of FIG.
5, the DC-t0-DC converter of FIG. 7 further comprises a
thermally-conductive and shielding cover 70 for increasing
the heat dissipating efficacy and the EMI shielding efficacy.
The thermally-conductive and shielding cover 70 is disposed
over the inductor module 23 and attached on the circuit carrier
board 20 and the inductor module 23. The thermally-conduc-
tive and shielding cover 70 is made of electrically-conductive
in order for isolating or decreasing the influence of the elec-
tromagnetic interference (EMI) from the external surround-
ings on the inductor module 23 and other circuits of the
DC-t0-DC converter. Moreover, for enhancing the heat dis-
sipating efficacy, the thermally-conductive and shielding
cover 70 is adhered onto the inductor module 23 via a ther-
mally-conductive adhesive 71.

FIG. 8 is a schematic side view illustrating a DC-to-DC
converter according to a seventh embodiment of the present
invention. In comparison with the third embodiment of FIG.
4, the inductor module 23, the semiconductor module 21 and
the passive component 22 are encapsulated with an encapsu-
lant resin 80 by a plastic molding process. As such, the induc-
tor module 23, the semiconductor module 21 and the passive
component 22 are fixed on the first surface 201 of the circuit
carrier board 20.

FIG. 9 is a schematic side view illustrating a DC-to-DC
converter according to an eighth embodiment of the present
invention. In comparison with the fourth embodiment of FIG.
5, the inductor module 23, the semiconductor module 21 and
the passive component 22 are encapsulated with an encapsu-
lant resin 90 by a plastic molding process. As such, the induc-
tor module 23, the semiconductor module 21 and the passive
component 22 are fixed on the first surface 201 of the circuit
carrier board 20.

Although the DC-to-DC converter described in the above
embodiments has increased heat dissipating efficacy and/or
increased EMI shielding efficacy, the DC-to-DC converter
needs to be further improved. For example, if the inductor
module 23, the semiconductor module 21 and the passive
component 22 fail to withstand the high temperature, during
the horizontal part of the [-shaped pin 231 is soldered on a
corresponding bonding pad 200 of the first surface 201 of the
circuit carrier board 20, these components are readily dam-
aged from the high soldering temperature. For solving this
drawback, the improvement of the DC-to-DC converter will
be illustrated with reference to FIGS. 10 and 11.

FIG. 10 is a schematic side view illustrating a DC-to-DC
converter according to a ninth embodiment of the present
invention. FIG. 11 is a schematic side view illustrating a
DC-t0-DC converter according to a tenth embodiment of the
present invention. In comparison with the third and fourth
embodiments of FIGS. 4 and 5, the circuit carrier board 20 of
the DC-to-DC converter of each of FIG. 10 and FIG. 11 has
plural perforations 209. The plural perforations 209 run
through the circuit carrier board 20 such that the first surface
201 is in communication with the second surface 202. In
addition, plural bonding pads 1001 are formed on the second
surface 202 of the circuit carrier board 20 and aligned with
corresponding perforations 209. In this embodiment, the pins
231 of'the inductor module 23 are linear pins. The pins 231 of
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the inductor module 23 are penetrated through the perfora-
tions 209 and soldered on the corresponding bonding pads
231. In an embodiment, the pins 231 are soldered on the
corresponding bonding pads 231 by a wave soldering pro-
cess. Since the high temperature soldering process is per-
formed on the second surface 202 of the circuit carrier board
20. The electronic components on the first surface 201 of the
circuit carrier board 20 are no longer damaged from the high
soldering temperature.

FIG. 12 is a schematic side view illustrating a DC-to-DC
converter according to an eleventh embodiment of the present
invention. FIG. 13 is a schematic side view illustrating a
DC-t0-DC converter according to a twelfth embodiment of
the present invention. In comparison with the ninth and tenth
embodiments of FIGS. 10 and 11, the perforations 209 are
omitted in the DC-to-DC converter of each of FIG. 12 and
FIG. 13. The bonding pads 1202 are also formed on the
second surface 202 of the circuit carrier board 20. In this
embodiment, the pins 231 are L-shaped pins with respective
horizontal parts and respective vertical parts. The vertical
parts are parallel with the first direction 29. The horizontal
parts of the L-shaped pins 231 are soldered on corresponding
bonding pads 200. Since the high temperature soldering pro-
cess is performed on the second surface 202 of the circuit
carrier board 20. The electronic components on the first sur-
face 201 of the circuit carrier board 20 are no longer damaged
from the high soldering temperature.

The configurations of the DC-to-DC converters as shown
in FIGS. 10-13 may be modified or varied according to the
practical requirements. For example, the circuit carrier board
20 may be only used to increase the mechanical connection
strength. That is, no bonding pads are mounted on the circuit
carrier board 20 to electrically connect the circuit carrier
board 20 with the inductor module 23; but the pins 231 are
directly soldered on the circuit carrier board 20 to combine
the inductor module 23 with the circuit carrier board 20. The
pins 231 penetrating through the perforations 209 or the pins
231 passing through the edges of the circuit carrier board 20
may be electrically connected with an application side circuit
(not shown). In this situation, no additional circuit is needed
to be formed on the circuit carrier board 20, but an extra
heat-dissipating path is created.

FIGS. 14 A and 14B are schematic side views illustrating a
DC-to-DC converter according to a thirteenth embodiment of
the present invention. In this embodiment, the inductor mod-
ule 143 has no long pins. Whereas, the inductor module 143
has external bonding pads 1431. In addition, plural pins 1400
are extended from the circuit carrier board 140 along a first
direction indicated as the arrow. The semiconductor module
141 is mounted on the first surface 1401 of'the circuit carrier
board 140. After the inductor module 143 is placed on the
circuit carrier board 140, the pins 1400 of the circuit carrier
board 140 are bent in the direction toward the inductor mod-
ule 143 to clamp the inductor module 143. The resulting
structure of the DC-to-DC converter is shown in FIG. 14B.
Optionally, the pins 1400 and the corresponding bonding
pads 1431 are electrically connected with each other via an
electrically-conductive adhesive or by a laser bonding pro-
cess. Meanwhile, a receptacle 1409 is defined between the
inductor module 143 and the circuit carrier board 140 for
accommodating the semiconductor module 141. Of course,
for effectively reducing the influence of the electromagnetic
interference (EMI), a shielding layer 1439 is formed on a
surface of the inductor module 143 facing the receptacle
1409. The shielding layer 1409 is a metallic sheet made of
electromagnetic shielding material.
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For increasing the bonding strength, the pins 1400 used in
the DC-to-DC converter of the thirteenth embodiment of the
present invention may be further improved. FIGS. 15A, 15B,
15C and 15D are schematic views illustrating four exemplary
pins used in the DC-t0-DC converter of the thirteenth
embodiment of the present invention. As shown in FIG. 15A,
the pin 1400 is a flat pin. As shown in FIG. 15B, the pin 1402
has a saw-tooth region. As shown in FIG. 15C, the pin 1403
has a comb-like region. As shown in FIG. 15D, the pin 1404
has an opening 1403.

From the above description, the DC-to-DC converter of the
present invention can effectively solve the drawbacks
encountered from the prior art. The concepts of the present
invention may be used to assemble any other electronic
device similar to the power conversion module. To sum up,
the DC-to-DC converter of the present invention is capable of
simplifying the assembling process, reducing the electromag-
netic interference (EMI) and avoiding thermal damage.

The above description is given by way of example, and not
limitation. Given the above disclosure, one skilled in the art
could devise variations that are within the scope and spirit of
the invention disclosed herein, including configurations ways
of the recessed portions and materials and/or designs of the
attaching structures. Further, the various features of the
embodiments disclosed herein can be used alone, or in vary-
ing combinations with each other and are not intended to be
limited to the specific combination described herein. Thus,
the scope of the claims is not to be limited by the illustrated
embodiments.

What is claimed is:

1. A power conversion module, comprising:

a circuit carrier board having a plurality of pads;

a semiconductor module disposed on a first surface of the

circuit carrier board; and

an inductor module having a body and a plurality of pins,

wherein a first portion of each of the plurality of pins is
in contact with the body of the inductor module, and a
second portion of each of the plurality of pins is respec-
tively in contact with and electrically connected to a
corresponding pad on the circuit carrier board, wherein
the semiconductor module is located between the induc-
tor module and the circuit carrier board, wherein a
shielding layer is formed on a surface of the inductor
module facing the semiconductor module, and the
shielding layer is a metallic sheet.

2. The power conversion module according to claim 1
wherein the circuit carrier board is a printed circuit board, a
metal core printed circuit board, a ceramic substrate or a
direct bond copper substrate.

3. The power conversion module according to claim 1
wherein the plurality of pads are formed on the first surface of
the circuit carrier board, and the plurality of pins of the
inductor module are [L-shaped pins with respective horizontal
parts and respective vertical parts, wherein the horizontal
parts of the plurality of pins are soldered on corresponding
pads.

4. The power conversion module according to claim 1
wherein the power conversion module further comprises a
thermally-conductive and shielding cover, wherein the ther-
mally-conductive and shielding cover encapsulates the induc-
tor module and the circuit carrier board, wherein the ther-
mally-conductive and shielding cover is made of electrically-
conductive material and adhered onto the inductor module via
a thermally-conductive adhesive.
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5. The power conversion module according to claim 1
wherein the semiconductor module is mounted on the first
surface of the circuit carrier board by a plastic molding pro-
cess.

6. The power conversion module according to claim 1
wherein the semiconductor module and the inductor module
are mounted on the first surface of the circuit carrier board by
a plastic molding process.

7. A power conversion module, comprising:

acircuit carrier board having plural perforations, wherein a

first surface and a second surface of the circuit carrier
board are in communication with each other through the
perforations;

a semiconductor module disposed on the first surface of the

circuit carrier board; and

an inductor module having a body and a plurality of pins,

wherein a first portion of each of the plurality of pins is
in contact with the body of the inductor module, and a
second portion of each of the plurality of pins respec-
tively penetrates through a corresponding perforation,
wherein said second portion of each pin is in contact
with and electrically connected to the circuit carrier
board, wherein the semiconductor module is located
between the inductor module and the circuit carrier
board, wherein a shielding layer is formed on a surface
of the inductor module facing the semiconductor mod-
ule, and the shielding layer is a metallic sheet.

8. A power conversion module, comprising:

a circuit carrier board having a first surface and a second

surface;

a semiconductor module disposed on a first surface of the

circuit carrier board; and

an inductor module having a body and a plurality of

L-shaped pins with respective horizontal parts and
respective vertical parts, wherein a top portion of each of
the vertical parts of the plurality of L-shaped pins is in
contact with the body of the inductor module, and each
of the horizontal parts of the plurality of L.-shaped pins is
in contact with and soldered on the second surface of the
circuit carrier board, wherein the semiconductor module
is located between the inductor module and the circuit
carrier board, wherein a shielding layer is formed on a
surface of the inductor module facing the semiconductor
module, and the shielding layer is a metallic sheet.

9. The power conversion module according to claim 8
wherein the plurality of L-shaped pins are soldered on the
second surface of the circuit carrier board by a wave soldering
process.

10. A power conversion module, comprising:

a circuit carrier board having a plurality of pads;

a semiconductor module disposed on a first surface of the

circuit carrier board; and

an inductor module having a plurality of pins, each of the

plurality of pins extends towards the circuit carrier board
and is respectively in contact with and electrically con-
nected to a corresponding pad on the circuit carrier
board, wherein the semiconductor module is located
between the inductor module and the circuit carrier
board, wherein a shielding layer is formed on a surface
of the inductor module facing the semiconductor mod-
ule, and the shielding layer is a metallic sheet.

11. A power conversion module, comprising:

a circuit carrier board having a plurality of pads;

a semiconductor module disposed on a first surface of the

circuit carrier board;

an inductor module having a plurality of pins, each of the

plurality of pins extends towards the circuit carrier board
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and is respectively in contact with and electrically con-
nected to a corresponding pad on the circuit carrier
board, wherein the semiconductor module is located
between the inductor module and the circuit carrier
board; and 5

a thermally-conductive and shielding cover, wherein the
thermally-conductive and shielding cover encapsulates
the inductor module and the circuit carrier board,
wherein the thermally-conductive and shielding cover is
made of electrically-conductive material and adhered 10
onto the inductor module via a thermally-conductive
adhesive.



